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Technical Lesson 32 


PRAC TICAL CONSIDERATIONS FOR THE DESIGN OF 
SCREEN-GRID RECEIVERS 


ThP DODularitv achieved by the new electrically operated screen-grid re- 
The popaxavi-zy acxixevyu y whQ are responsible for the production of 

the V a-c screen-grid vacuum tube. When the wonderful characteristics which 
thfs tube Dolselses became known the interest of radio set manufacturers 
centered bhieMy around the development of an electric set that could util¬ 
ize one or more of these tubes and obtain from them every advantage to the 

SL ’ 

devices a of°any e kind7yet r it i wL W soon U noticed 1 ’thlt the U tube harextraordfnary 

qualities. To think that the amplification constant of an a-c 

no^hing^less^than^remarkable° m ^Weak signals'^or^signals'from^distant^stations 

g An d °™erloaded W_ 

into*operation under extreme conditions, that is, where a s r g nT qp A t 
D lilANT^switch^nd^the 0 volume 8 control^both 1 have®the ultimate effect 

r r E& wrsrs Sc^rupMcf sg 

& no means identical Is we will explain further in our lesson. 

with those obtained from screen-grid sets. =et Jhic an additional 

ssM3».“s=r^ 

set! °We a mult 8 rIIiize that although the figures mentioned in the preceding 
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paragraph comparing the “Pjianc^these 0 ?igur^do^o^express in^y sense 

“ a - 

tt.th.s on. t„. Of tub. or .noth.r 1. -or. *f ««»«„“ ™ 

as much upon the circuit design and qua i y r ™ e g gain of which a screen- 
itself. Up to the present fulfilled. For example, 

grid tube is theoreticaliy capable s ®*® t about specia l considerations 
the advent of the screen-grid tube has 7 ?.. p ff ec ts and give the plate 
in the matter of coil design to reduce capacity ^^ c ^ e a ^ s f designi Sg the 

circuit a high impedance at resonance, coils? is still far 

impedance of the load circuit, ^ 1^1 s ? several hundred thousand ohms, 
below the tube T s plate impedance ^?h gain possible from screen- 

These and other factors '"hlch govern sens i tivi |y) and also the degree of 
grid amplifiers (referred to usually as sensitivity^ h a strong local 

sharpness of tuning ^htan^station when both are working on closely ad- 
station and pick up a distant station wnen d discussed in the 

joining frequencies (referred to as selectivity; 

following paragraphs. 

1 . tri a rif*p the various important features in a-c 
So that you may grasp * g ^°® t found in receivers of other types we 

have e prlpared e the V li!t given belovv. ^n ®°“P a ^ n | ^ e c |se S the V tuned f r-f y 

stage^ar^properly SSiSS’. ^hfc^acteristics of the screen-grid 

set are, briefly: 

1. High sensitivity with less tubes. ^ from a simi i a r number 

2. Selectivity greater than tha screen-grid type are used. 

3 . g,rrff.5 

construction Is gr.atl, 

simplified. reduced number of tuned stages permits 

“• 5"?“r's C S ■ "“t“ »«” al “ 

6 . tSr.SjStj.uts ~.u.4 f «««_ 

r SulS““Sr.S»«ii to , 1 ... on. Stag. In n.son.no, 
with another. 

in this lesson we have divided - subject 

to the functions of the P ri ??^P a “; „ p about to construct. This is a 
ated receiver of the type*y employing two of the screen-grid type 

sr^s: in srsafwo'ssrigrgSr - «•»*» 

full-wave rectifier. 
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Reference to the schematic diagram of any electric set will clearly show 
that the receiver is divided into two main parts ; namely, the "receiver 
proper" and the "power unit," often called the "power pack." In turn we 
can subdivide these parts into their principal circuits, each one of which 
will be treated as a separate topic in our lesson. No doubt most of us are 
particularly interested in the a-c screen-grid tube for the reason that it 
is one of the newer contributions to the science of Radio, therefore,our 
discussion naturally will lean toward the tube itself and the radio¬ 
frequency circuit in which it is used. Our lesson is divided into seven 
topics according to the classified list given immediately below. 

(A) The principal circuits of the receiver proper: 

1. Radio-frequency amplifier stages. 

2. Detector. 

3. Audio-amplifier stages. 

(B) The principal circuits of the power pack: 

4. A-C input and power transformer. 

5. Full-wave rectifier. 

6. Filter, consisting of choke coils and condensers. 

7. Voltage distribution system, consisting of several resistors. 

It is suggested that you study this lesson with the idea of keeping the 
seven principal circuits separated clearly in your mind. Also, learn as 
much as you can about the principles involved in each circuit so that when 
you come to the constructional work and assemble the parts and wire them 
you will have a thorough understanding of the operation of the entire 
receiver. The schematic diagram of our receiver is shown in Figure 1 and 
it should be followed closely throughout the explanations. 
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PART 1 


BADTO-FREpnEMCY AMPLIFIER 

mv-p nar t of the radio receiver using screen-grid vacuum tubes that differs 
?rom P Se conventional type tuned r-f receiver is fe radio-frequency 

^n^ ^^es Lrsince the dlLSor grid inpSt circuit is also tuned we 

Bhiihltrir ^viri^ft^s^d^ifs trfs&ss^ss” ■ 

lines and “«*ed ft the top ^ fang condense bullt in the unit so 

Ihaff?hmerH sh^ntefacrcsfeacrtuning condenser This arrangement 
that a n _~ n f a single dial for simultaneously tuning the r-f circuits, 

permits the use of a single preferable to independently tuned circuits from - 

IStSfgrids ofthe 1st 2nd r-f amplifiers and to the detector, whereas, 

the rotor plates are all grounded. 

The three r-f transformer coils are ^ afa^in^caflhllh 

OU VbI "anfreadiffre^into oscUlaUoflhafcould not decontrolled, 
higher broadcast frequencies. 

r iT? r i,s5»n “nSLt.rsrr 0 ” 1 

one consisting of an transformers are used as coupling devices to intro- 
trimmer condenser. The trans e ® grids of the tubes in the case of 

duce the signal voltages to the input,or gri current in the case of 

the secondaries and to Receive £ ’ f transformer, of course, obtains 

the primaries, primary of the first^ f transio j ^ The 

its signal energy ^cUy from the antenna t fluctuating current which is 

output or plate circuits of 1 ** current component and a direct 

composed of a high frequency,or alternating current cop charact eristics 

current component. This output =^rent possesses^!! ox fed to the grids, 
of the signal ^e jhrch are represented^^ ^ ^ lnput> the ex t e nt of 
The output is greatly increaseaip stage being determined for.one 

sSi?ri?“o'p«tKai «* & »»«- ««» 

external circuit design. 

t„ WMt point to re.a.b^ln rog.rtto the ^rop.r g.^ ad 

secondary tte "outside" ol th e secondary. By "outside" 

coming from the last J^n °n ™ which is farthest from that portion of 

thefoifwherf the Smary is uLally mounted, ^ last^urn, o^the^po- 
f s te caned 0f thef infide!" ^d° r the h connection made from here usually goes to 
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t-hp ground. The "outside" end of the primary goes to the plate and the "in- 
sile" t^the voltage supply. In the case of the 1st, or input transformer 
the "outside" end goes to the antenna and the opposite end to the ground. 
These connections are not so easy to follow in the case of the 2nd and 3rd 
transformers of the screen-grid set because of the slight difference in size 
between the primary and secondary. Although these connections are already 
made with fine wires soldered to the terminals you should examine them. 

The variable tuning condensers are used to resonate the r-f circuits to a 
Qtafion 1 s frequency, the one we desire to listen to, while the 
fnn^tion of the trimmer condensers, which are easily adjusted by means of 
f screw? Is t? aU^T?or making small changes in the capacitance of each 

t ? Circuit in order that the individual stages may be placed in exact 
r-f circuit in oraer i mentioned that trimmer condensers, 

manufactured in large quantities. 

directly to theVf coll^t^th ^alel TsmS! !oSo2fmfd? conden^fL 
be conne ^ The "LOCAL-DISTANT" switch should be used if strong 

local signals are.picked up which would tend^o ^f^gn^tnSy 

By closing the switch, as shown in t e | ’ is re duced and, thereafter, 

SfSES SSafle^l can be regulated by manipulating the volume control. 
Hnw RcTpen-Grid Voltage is Obtained and Regulated. The circuit that sup- 

i vsI&iss*ss rt£S"~ ,b i. r s 1 us.s.'svk 
ssi- F»tL 

s's»s’ ss-o.s , k* 

dnp to the 40,000 ohms, which let us say is 260 volts, then we get 
mainder of 40 volts which is applied across the 6000 ohms. Hence, any 
Toitlsl between zero and 40 may be obtained from the 40,000 ohms as 
determined by the amount of resistance included between the lower, or 
graded end of the wire and the point where the contact arm rests. 

Negative grid bias for the screen-grid tubes is furnished by the d-c plate 

rATea resistor proper or 400 ohms for this circuit. Positive 

plate^oltage for the screen-grid tubes, 0Y-224's, is supplied through an 

ll.t° S&Tircu^t^nref pSpX ^^eTf^d! Vph s 
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' A A hv-nass condenser is shunted around the 400 ohm grid 

A 0.1 y P ^ currents to pass through and thus 

iSla^lresistor to permit the * ,i^ g c. 1irP i v occur if this energy was forced 

ns m: .4. r t ss- 

iLSiKr“s a h«ss .».».!.««.««■ «**«. 

between the control grid and cathode of the tube. 

THF, UY-S34 ft-C SCREEN-GRID T U BE AHD THE UY-227 A-C TUB E 

’^’a. SX*;*SK a “s S?S: VS^SKSS 1 

tube is known as a "tetrode." 
the name "triode." 

struction ofthese'tSbes .^Botftubefhave fcIthodelnrhLSrwhich^re 

_ CONTROL GRIP' --*.N —A 

\ CONNECTION 
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(BETWEEN SCREEN 
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Figure 2A 


Figure 2B 


„»it. similar physically, thus 1It Possl *£«%«£ 

a;i5fS.s:f.r‘f.s s„ 

u 25««-as??. sees. 

sirs.'sa 2*2 rv,,...« 
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Which cannot 

HIR insulator, serves only to c ^°^L^taSmt>er ■ the coated cathode 
electron emitting oxide “ a ^e r lal,or t uhei s toes our c e of electron emission. 

tbe^UX IJLr&^tS 8 ^ Abe coating on the metal 

thimble in the helter type (or OT type) tube. 


The UY -324 screen-grid tube is equipped with 

cap located on the top of ^ Siasc P » d t0 the sockets used 

nected to this cap. A point ^ be mentione^i^regar ^ marked 

with these tubes is that the £eate cathode pi ns are in the same 

"H, H" and in others FIL. P tut the screen grid of the 

gffSSSSetS S e the S pIn°whIlh h in h thfLv would’make connection to the 

regular control grid. 


The screen grid is .ad, up In t.o S' 0 * 11 " 

electrically. One part of the screen, this being called the "inner 

placed between the plate and the cont g screen Q f meshlike con- 

screen." The other part, ^ niate this part being known as the 

struction, is located °^ S ^ d f h ?n metal^cover mounted over the outer screen 

Sflsl'Er 8 ” a 


The internal capacity between grid (c°nt | ^( scre en grid) to a value 

is greatly reduced by the presence of th ment effectively shields 

which may be considered negligible. Th rivariations through 

the control grid from effects caused e ^°^^wed to exist this 

the inter-element capacity (g -Tppdhack of r-f energy from the plate to 

capacity would permit troublesome:oscillations would be set up in 
grid circuits with the result that unwan ruction of the inner screen 

the circuits. Due to the open spiral ^comparison to the 

grid and the lower positive potential app^i^t for the fact that the. elec- 

higher positive potential on the pi ac^ through the TacU ous space in the 
tron stream is not obstructed as it p exceedingly high positive po- 

tube from cathode to P Pat ®;J?°7Idit would cause the screen to act like a 
tential on the screen is ^mitted it wou would be prevented from going 

SS.SylLSn ge"urIXnt tic. 1« th. pl.t, circuit. 


screen-grid tub. fulfills t.o i-port.nt irtlrSi'Sffi- 

eliminates inter-element capacity and th d it provides an unusually 

[zing,or stabilizing devices ™h ec ® s ®fy‘ n !f° a iA per stage. The high 
ligh degree of radio amplification, shielding between the r-f coils 

amplification nakes ft necessary P^^ gplJ M, to prevent external 

‘Sic?i“;v5 coining hetuaL th. grid and plat, circuits. 
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,, +-v- Q nv nnd nv-227, the latter tube being a 

type*for^ radio-frequency amplification in many receivers, can be 
by inspecting the following tables: 


UY-227 


Heater Voltage 
Heater Current 
Plate Voltage 
Plate Current 
Grid Bias Voltage 


2.5 volts 
1.75 amperes 
■+• 180 volts 

6 milliamperes 
—13.5 volts 


UY-224 

2.5 volts 
1.75 amperes 
+ 180 volts 

4 milliamperes 
—1.5 volts 
420 

1050 micromhos 
400,000 ohms 

0.01 micromicrofarads 


Amplification Constant micr0 mhos * 1050 micromhos 

Mutual Conductance 1000 “^omhos 400,000 ohms 

SS\o‘SKrXp.cit, SSomicrofacd. 0.0! .icpo.lcrofar.d. 

From the tables we see thatJ^P^^tubes^s also^^sLiTand the mutual 
identical. The plate voltage of b t ^ UY-224 we find that 

conductance nearly alike. H £ w ^er, amplification factor enormously 

the grid bias voltage higher when compared to the 

greater and the plate resis^anc^ . . mialities of these tubes and other 

a,StSl/w»lS r «, tube h„ ov.r the «th„. 

1. The heater voltage of th ^'f ^^/^^ormer^ay be used^o^pS' 
therefore, a common winding J? w hen used in the same receiver. This 

conation. 

plate voltages. 

3. Th. bias of S?“ c S™ir’t?a1o2LS ”£S li, 

Sen”, e gSlS*i.;ii- outpS; but th» disadvantage hare is that a large grid 
swing’will cause overloading. 

4. The amplification factor of the 0MM^con.id. 

the CIY-827. InPP.g 1 ?® Hnivever the amplification obtainable from the 
constant from these tube?. Howe.e ip VP7 . a i times greater than from the 
UY-224 in a well-designed stage is se possible from the screen-grid 

OX-227. A fair idea of ^®f r ^^ r t ^ f a ^age radio circuit employing a 
tube may be had by estimating th stage of 

three-electrode tube, for in^erthe e ^ t *^7lcreln-grid tube is 
approximately 8, whereas, when a ® ® expressly for the latter tube, 

worked in a similar circuit, jieslgnea expre J gt So it ls 

the gain in signal level P°| s ^® ± about four or five times more effec- 
safe to assume that a UY-2-,4 onntr-ol erid close to the cathode and 

tive as an amplifier. pl ^lHp S -increases the S amplification factor enormously 
relatively far from the plate ncrea ses the plate resistance. The 

advantagls’^o^hil^plate^resistanc^are obtained from this tube without 
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e aaaitional'advantages of'ffigh mutual conductance. Since 
WmMmm me between the grid and cathode Js “unless tha^th^Istance^ 

«ween plate and.^n^of ulate^urrent to be accelerated. In fact, the 
grid will cause the flow of plate curre t produces a greater acceler- 

screen grid (because of its posit hlgher voltage impressed on the plate, 
ation of plate current than does the higher^ ^ collect . many 

of S the°electrons°which C would°ordinarily go to the ^plate^hence,^the^majority 

giftfthrpSte- onlfaTimitel S^tity flowV the screen-grid circuits 
as direct current. 


jiiuouai. - - i...v 0 i q ppnerax penumautc. - 

resistance, and is a measure of e | ^ a s SUrne the importance that 

mutual conductance of an r-f amplifie .. lificatio n constant of the 

it does in other stages. Considering positive potential on the 

UY-224 its mutual conductance T ^ A nece ssary for operation as the 
screen grid in relation to the catho £ of th * value of this 

mutual conductance of the tube Is a voltage the mutual con- 

voltage. Therefore, mutual conductance will be 

ductance will be low and with maxi um_^ ^ 1 | age we can easily control the 
maximum. Consequently, if vve y volume control for 

sensitivity of the voltage is varied from 0 volts 

T.rx~ ...».».»>.» «i™. 

6. The plate resistance ° f ^^g^fg^enoiefthafarfused in operation 
UY-227. For the different broadcast 1 ® cirC uit into which the tube 
it is known that the resistance of the lo d impedance of the tube. On 
works should be as great, or Sweater tnan tni 3 £ t diffe rent from that 

this account the 224 tube requires an outputjircui' int was brought 

used with other tubes, such “ c ° h resistance is gained by 

out in a foregoing section. In practi^e^^ Mother important advantage 

o? n h?gh r f ate resistance is improved ^ectivity.^ ^radfo- 

in *-• ‘ aioininE 

grid circuit. 

,. or the fact that 1 

to this tube are properly shielde,P throug h the insertion of the 
ternal capacity of the tube is P d the plate. The values in the tables 

screen grid between the control grid an* z P UY-224 and 3.3 mmf. for the 
show that grid-plate capacity is .01 mmf- * lowered about i/500th through 
UY-227, thus indicating that self-capacity Figur0 2B which shows the screen 

Its absence in the ** in Figure 2A. 

^ngS^stSf X^eS^ancf c^SnfirSf aS»"S P ;lfKrJc?lJ- a ”y X ‘ 
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generally agreed 

coupling giVes pleasing and very satisfactory reproduction. 
HSnws WHICH GOVERN A graEKN-fiRTD BADIO-FREQO.BNCY S YSTEM 
No, lot finish our ii—-"”” 1 liSS?™ oflS'S'S 

fiers and grid biases are also explained. 

r s Each r _ f st age must be shielded in order to prevent oscillation 

due AaKloVu StrSISS'”.S. lit 

SSKSlfSS S’Sn;3 r o»l.SS S Kf thA.dlo-frequency 
field surrounding such parts is not particularly strong. 

(b) The primary of each r-f transformer should ln gf primary 

high as possible Ae of some other type than the 

of a transformer designed io *\ u s e ^ f inductance. For the radio cir- 
224 does not require such a high va of i external plate or load 

^seS^^rwife t^ampification 
(O) i power unit 

of the 224 and 227 tubes. This vo g ^ Also, direct current which 

quirement of 1.75 amperes for , . "must be provided for supply- 

shs s. rt ?;L^S‘i»risr,K5 - -* ■*— 

with operating voltages at specified values. 

(4) Du. to the high *f|‘«22l1nS!y’SSf;IS“, 0 iS C S“hi\l;.f‘ 
sirable to reduce the amount of signal en gy ^ acc0 mplished by discon- 
broadcast programs. In certain by means of a switch, called 

necting the antenna:fromthe inp'' c 1 ^ the lst r -f transformer is 
"LOCAL-DISTANT" switch. If this “®™od i use^ example, one with a 

not shielded and usually a small fi tain circuits) is automatically 

capacitance of .00023 mmf. is wed switch. Shunting the condenser 

shunted across the antenna co.i y vides an oscillatory circuit on which the 

around the transformer pri y p ther type functions when the switch is 
signal energy may be picked up. ^f°£herty pe ^ a small resistor to 
on the "LOCAL" position to c °™®<;t the ant the order of 15 ohms. The purpose 
ground, the value of the resistor being prevent the strong carrier of 

SSSA fJoS^SdiS'th, detector, thereby cueing distortion, 
(e) Radio-frequency by-pass condensers ano r-f ^chokes, ^cal enter _ 

i3“SnAr“?«rS~«|h t0 tn?—‘po..r supply Lads. These condensers 
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eatlfv^and the inductance of each 


choke is about 10 millihenries. The condensers must be properly placed in 
the circuit to act as a radio-frequency by-pass to ground,as otherwise 
oscillation will be set up and one of the most desirable properties of the 
screen-grid tubes would be lost. Figure 4 illustrates one method for con¬ 
structing an r-f choke coil. 



Figure 3 


Figure 4 


A schematic diagram of a typical screen-grid amplifier is pictured in 
Figure 5,and upon examination it will be noticed that it differs b £ 
slightly from the r-f portion of the complete schematic diagram in Figure 
In Figure 5 all of the d-c plate current flows through the grid bias 
resistor. It also shows how the screen grids are made positive with re 
snect to the negative cathode,and how the positive voltage on the screens 
can be regulated between the limits of 0 and about 40 volts by simpiy vary 
ing the amount of resistance on the volume control included^ween the 
sliding contact, or positive potential point, and the left hand end, 
negative potential point of this resistor. 



('f') Next we will consider how the negative bias is obtained for the 
' . , « ooa fnhp*? Rpferrins to Figure 5 we notice that a 
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voltage depending upon the current strength and the number of ohms of re¬ 
sistance. Actually this resistor is connected in series between cathode 
and ground,and we also find that the grid return lead of the tube is con¬ 
nected to ground, the grid circuit being completed through the secondary 
of the r-f transformer. By this arrangement the flow of plate current 
through the grid bias resistor causes the cathode to become positive in 
potential with respect to the grid, or expressed the other way around and 
meaning exactly the same thing, the grid is made negative with respect to 
the cathode, which Is the reference point of all potentials of the tube. 

(g) Let us now discuss the relation of positive grid swing from a 
signal voltage to the amount of permanent bias supplied to the control grid 
of the 224. If your radio set is located close to a broadcasting station 
the signal might come in so strong that the radio-frequency voltage applied 
to the control grid of the tube would cause the grid potential to actually 
swing over and become positive with respect to the cathode. You can well 
imagine from your previous knowledge of the control action which the grid 
exercises over the stream of negative electrons in the tube what the result¬ 
ing effect would be if the grid ever assumes a positive electric charge. 
Supposing that this happened then the grid would naturally act in a manner 
similar to a miniature plate and, hence, attract electrons in great numbers. 
Since the flow of electrons between cathode and grid is nothing more than 
what we call grid current then the presence of this grid current makes the 
intervening space between cathode and grid act as though a high resistance 
were connected between these electrodes. In actual effect this is like plac 
ing a high resistance across the tuned r-f circuit, inasmuch as this circuit 
is always connected across the grid and cathode of an amplifier tube. 

Therefore, it should now be clear that if an r-f amplifier grid were not 
supplied with a permanent negative bias, or if the bias were so low as to 
be overpowered by strong positive impulses from a local signal, the space 
between these two elements would exhibit all of the characteristics of a 
high resistance shunted across the r-f tuned circuit. This condition is 
undesirable. What we would like to have is a grid which never becomes 
positive but is always working at greater or lesser negative values with 
respect to the cathode. The condition should be such that the grid to 
cathode path remains at all times practically like a small condenser, the 
electrodes acting as plates and the space as the dielectric. If this is 
fulfilled in practice the grid is left free to act efficiently as an elec¬ 
trically charged body whose potential is constantly varying in accordance 
with the characteristics of the signal wave, and the changing grid potential 
will cause a corresponding variation in plate current. We know this to be 
the case because the control of plate current is due to the effect which the 
electrically charged grid has over the electron stream as it moves through 
the vacuous path in the tube from cathode to plate. 

What we have just said in regard to the radio-frequency grid swing has some 
bearing on the tuning qualities of the receiver referred to as "Broadness, 
or Sharpness" of tuning. The introduction of even a small amount of resis¬ 
tance in a circuit of this kind causes the resonance curve to become less 
sharp or peaked, or to flatten out as it were. This results in what is 
known as "broad tuning." In other words the receiver then cannot discrim¬ 
inate between broadcast frequencies when they are 10 kilocycles apart, but 
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will respond with almost equal sensitiveness to the frequencies of more 
than one station, thus causing serious interference. 

This extreme sensitivity of the control grid of the 224 is responsible for 
the elsySSnSr in which remote and distant stations are brought in on a 
modern screen-grid receiver. Moreover, it has the distinct advantage oi 
permitting the use of shorter antennas than have heretofore been required 
to pick up signals from distant stations. An antenna not exceeding 50 
feet in length usually gives the best results. 

PART 2 


THE DETECTOR 

HEiE'srifefs.-ssss*is ; 

with the grid circuit. The arrangement is shown in Figure b. 

The relative characteristics of both methods of detection will now be pointed 

having a low percentage of modulation. 



R.F. BY-PASS 
CONDEMSER 


—L- MID-TAP HEATER WINWNG +I80V.) 

Figure 6 

The characteristic of the * 

those of the power detector, ^he grid leak condenser ryp^P ^ signal> 

Second ln ft1nesponsive to signals having a low percentage of modulation. 
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a ninrmn nip mm?. nwPKfiTOR. An incoming signal wave that is intercepted by the 
a radio rec eiver induces a current in the antenna circuit which 

aLe characteristics as the wave sent out by the transmitter 
has the sa ?® c “^acterlST; re quency alternating current, the frequency 

belnnkemLefby constlnts o? ^transmitting station-s r-f circuits, 

being aerermineu uy transmitter is oscillating at a frequency of 1,000 

Suppose, for ri ® x ^ 1 ®( croDhone is teing used, then this high-frequency current 

wUmvfsuperSosefuSn It anothef frequency of a lower order which repre- 
will nave supexj^v my.^ i nft&v freauencv covers a band of be- 

sents the modulatin g -g ‘ Q Cycles, which for all practical purposes is 

liisssiisif sir 

liiililllfllii? 

limiting action of the grid leak, its nigr signal is tuned in 

fhi h- requency ^renl^he^ tuned circuit and this energy 
Jalsls readily through the path furnished by the condenser and in this 
manner the signal voltages are applied to the grid. 

Figure *7 JW— 



Figure 8 



Figure 9 


nation, however, £ he ^rid eurre limiting action on a decreas- 

flowing because the grid leak resistor has no 11 i g haracteristic as 

ing amount of current. ^Thus, our u ^ erstood that every vari¬ 

ation of grid voltage is repeated by changes in the value °fait^circuit 
current and, consequently, we have a condition existing i P 
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musical frequencies,is si p y . ■, one th a t is used to drive the 

average at ^eUcrophone. Or, in 

other^words, th § e ^ also 

cfuef SS So" Ld^ometim^ 

rT on 

ing separated in this manner t ’ es to the desired level for our 

iSuSpSffifS alread^mentioned^^Remember Se ter, "demodulate." 

Since it is undesirable to permit filter placed in 

put, or to the audio circuits, it is by passe^ ^ Thls filter con- 

the detector plate a ® e nser^ of .01 mfd. capacitance, the choke 

sists of . an J:^ t( . c ^g ^ssage of d the“r-f and the condenser serving as a 
p^hforittofiowttoough to the ground and thus dissipate this energy. 

1 4 - j a rpqistor of 40,000 ohms which to- 

The plate circuit ia co “^®g®g ^ c £f h t0 couple the detector output to the 
gether with a .01 mfd. condenser lower end of the resistor the 

Ste cLcun goes^hf+Bsuppiy. or positive side of the d-c power supply. 

PART 3 


THF. AUDIO AMPLIFIER 

The schematic diagram in Fig-are 1 ° ^ow^^typica l^dio g^witfathe 
output of the detector feeding in oower amplifiers operating in 

amplification and this 0 ? similarity between this circuit and the one 

push-pull relation. Points of similarity^ & satisfactory level of out- 

given in Figure 1 can be ® a ®^ akfr can be obtained through the use of 

put for properly drlvi ?£ a ipak-condenser method of detection is em- 

the two audio stages when grid leak condenser being Qf the push _ 

ployed. In these t am Pll^ er two tubes of similar kind which about 

s;Si2 P &.“.ss. ” ij t " ,,a of * 

similar type is used. 

Examining the diagram in Figure p e ®®| s tanc coupling 5 to^"the 6 input^of 
detector tube is coupled ^ f fi^t audio^plifier tube, 

another OT-227, the latter being used as a mn Qf th / signal stre ngth 

Resistance coupling does not give normal action of the tube,due to its 
other than that obtained through offset by the exceptionally 

amplification factor. »*£!/*£* coupling? The resistor coupling 

good quality of output with thi yp 40 000 ohms, a condenser of .Olmfa 

consists of a detector P la J® '® 8 ^°L ^audio tube, the resistor being 
capacitance and a grid r ®slstorforthe from the detector output 

fluctuates 5 as it jEi. througTthf^ohms resistor the current 
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generates an audio-frequency voltage across the terminals of the resistor, 
and this voltage feeds through the .01 mfd. coupling condenser to the grid 
of the amplifier. The condenser is large sized to permit the audio 
frequencies to flow through readily, this being necessary to insure good 
fidelity of reproduction from the loudspeaker. 

The 827 audio-amplifier grid circuit consists of a grid resistor of 
250,000 ohms, which has been referred to previously, and which controls 
the flow of electrons collected by the grid, that is, it controls the flow 
of grid current. The negative bias for this grid is obtained through a 
1000 ohm resistor, inserted between the cathode and ground, since the plate 
current flowing through the resistor causes the cathode to assume a certain 
positive potential with respect to the ground, or it may be said that the 
ground is at a certain negative potential to the cathode. It follows, 
therefore, that the grid also being connected to ground through the re¬ 
sistor will place the grid at the proper negative voltage with respect to 



the cathode. Figure 11 shows fundamentally the entire arrangement for 
coupling by the resistance method between a detector and first audio tube, 
and how the voltages could be supplied by means of batteries instead of a 
power unit, as in an electric set. 

The 1st A-F Amplifier . The UY-227 tube used as a first a-f amplifier has 
an amplification factor of approximately 9, which value we are practically 
able to take full advantage of in this stage. An a-f transformer is in¬ 
cluded in the plate circuit of this tube, the transformer being different 
from the conventional a-f transformer in that its secondary has a center 
tap. This is clearly shown in Figure 10. The splitting of the secondary 
into two sections is necessary in order that the signal output of the 
secondary can be made to work into two tubes in push-pull relation. A 
transformer of this type is known as a push-pull input transformer. It has, 
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ln tM ,.«»“! <rr“h?^sr r tap*s sf ~ss„ 

fTitS/lrfd SBSS'Xa a„ t»6.; t.o.w. th.it »„g.ti,. hi«s through 
this connection. 

How Tube s in i^dra^S simplified 1 form which makes it 

S£ S K h 2S t'£t “LlSfr tS*pSS“t a .~t- 

It is seen that the primary'nrimary flows the fluctuating audio- 
nal of the 1st a-f tube. In thia Primary . 0 f similar characteristics 

frequency current ™ hich a ^ d ^®^ this point the a-f energy is carried to 

the^ridfof ?he°two r tubes in push-pull through the connecting leads 



Figure 12 

attached to the extreme ends of the secondary ttat when^ne 

the grids are at opposite voltage P°^ arl i hi ’ action causes an increase 
grid is positive the other is in plate current in the 

in the plate current in ot }® ta , t get a much greater change in total 
other, with the final result that we gen a * thlg pose> T he low 

plate current than if only one ,Y thls circuit to work into an ordinary 
impedance of the 245 tubes per tapped choke inserted in the plate 

magnetic type loudspeaker witt jfthe coSon connection through which the 
for coupling purposes. The tap is tne or audio coinponen t of the 

+B voltage is delivered to the plates. i terminals of the loud- 

plate current may be obtained by tubes. This is shown in Figure 12. 

speaker from plate to plate of the two tubes. ^ ngcessary to employ an 

If a dynamic type loudspeaker i s “ t he output of the two plates and 

impedance adjusting transformer betw,filmic speaker. This is necessary 
the cone coil, or voice frequencies is less than 

because the a-c impedance ^ outp ut of the push-pull power. 

^llTler mS a also r be used! af shown in our schematic diagram in Figure 1. 

THE UX-245 POWER-AMPLI FIER TUBS* 

The characteristics of this type tube make ^desirable ler 

pull audio amplifier. It is to be kep mat ch each other as near as 

t P he °^ a SIt°the ?ubes wiS do their work with equal effectiveness. 

£S2S tubefin^thirS Stht be called a disadvantage. 
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Characteristics of the UX-245 Power Tube: 


Filament Voltage 
Filament Current 
Plate Voltage 
Plate Current 
Grid Bias Voltage 
Amplification Factor 
Plate Resistance 
Undistorted Output 


2.5 volts 

1.5 amperes 
4- 250. volts 

32 milliamperes 
—50 volts 

3.5 

1900 ohms 
1600 milliwatts 


The outstanding advantage of the UX-245 tube is its large undistorted output 
with a low plate voltage. The requirements of this tube permits the UX-2B0 
to be used as a full-wave rectifier. Another desirable feature of the 245 
is its low plate resistance. A low resistance output tube allows better 
quality of output which is especially noticeable at the 1 lower frequencies. 
The undistorted output of a 245 is slightly greater than in the case of the 
210 type,and about one-third that of the 250 type. About 3 watts output can 
be obtained from two UX-245 tubes which is an output that will produce more 
volume than is actually required in the average home. A reserve of power is 
always to be desired, even though one may never expect to use it, because 
reserve power contributes to the quality of output at any volume. 


THE POWER SUPPLY CIRCUITS . A-C INPUT AND POWER TRANSFO RMER. 

The power unit consists of a power transformer, a full-wave rectifier, a 
filter and a voltage divider system for supplying the proper d-c voltages 

to the tubes. 

The power transformer is built with a primary and four secondaries all 
mounted on a heavy laminated iron core. The primary receives the 110 volt, 
60 cycle a-c through the plug and the lamp cord, when it is connectedto 
either a lamp socket,or wall outlet, and the operating switch is in the ON 
position. The a-c in the primary sets up an a-c voltage of similar frequen 
cy in each of the secondaries; the actual voltage in any winding depen s 
mainly upon the number of turns with which it is wound. Three of the 
secondaries are low voltage windings used as follows: One supplies the 
filaments of the 245 tubes, another supplies the heaters of the ^.24 and 
227 tubes,and the third serves the filament of the 280 rectifier. Two of the 
windings are mid-tapped, as shown in the diagram in Figure 1, with con¬ 
nections terminating at the ground for the purpose of Preventing any a-c 
ripple being set up by these circuits. The fourth secondary winding is 
larger than thl rest since it is required to furnish a high a-c voltage 
to the plates of the 280 tube. This winding has a mid-tap which is 
grounded and forms the negative side of the d-c circuit from the rectifier. 

The filament winding of the 280 is also center tapped and the connection 
carried from this point to the input of the filter forms the positive side 
of the d-c circuit. 
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PART 5 


THF. RECTIFIER . 

in the receiver under consideration ^eM^is^se^as afu l^^ecti- 

fier. The plates of this “ e oMuctivity of a vacuum tube ('the electron 

former and because of the one-way ? y thls re ctifier will deliver in 

stream flows only from tne filament to plate) ““ c f^ rrent . After being 

a circuit connected to its the output will flow as a sub- 

smoothed out by means of a brute-force supplying the plate and grid 

stantially steady direct c^nt suitable for supply!.^ ^ 280 tube pro _ 

vides^direct^currenl^for the operationVan alternating-current receiver. 

-SECOHOftRY OH ROWER 
f TRftNSfORMER. 



Figure 13 

The theory of operation of v^a^eetifier^iroui^corisisting of the 

Referring to Figure 13 w © ^bs ^ supplying the requisite plate voltage 
280 tube, a transformer P ^ filter reactors or chokes, and 

and filament voltage for this > Tn y thermionic tube there is a 

three filter capacitors or condensers. y ±s at a positive potential 

flow of current only when the anode, P £ negative plate potentials the 
in relation to the filament, or cathode. At neg^ ^ whi h is 

tube offers infinitely High resistance ™ plate wl n exert upon 

accountable for by the 3*^ 0 £ y W b he filamfnt. Now, examining this cir- 
the negative electrons y aitarnating current flows in all of the 

cult will bring out the fact T ^safof toe £sitive (+) and negative 
transformer secondaries as the re ected to the a-c line supply 

J^pSer fatSr^rirxfoTolls a-c at 60 cycles. 

When the circuit is active the electrons 1 ?! Remitted! ^he^electron flow 
to a temperature which causes d t0 a positive potential at any par- 

IS towards the plate elpiainedl Ihile one of the plates is 

ticular instant, as we have 3 .? +-he a—c cycle the other plate 

charged positive during an alternation of the a ^ undgrstand that the 
will at that time be charged negative, iy thpI 4f 0r e, no current will 
negatfvs Jlate will repel.the electrons^therefore, ^ hand the 

flow through this plate circuit current then will flow out of 

positive plate will attract ele filter circuit. The path of the 

the tube into the positive side oi th latter case current flows only 

S£r£* ■ tt. Xo.er »,lf. On tt. next 

in the upper half of the secuuuaij 
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alternation the potential of the plates will ^-ve-ed, ^s^dicatkin 
Figure 14 and current then f ^to the filter circuit as shown by 

the lower half ,°£3®insa circuit arrangement of this kind (that is, 
the arrows. y t he y D iate winding of the transformer is connected to a 

character! stie^somewhat^as^depicted by the second row of curves marked 

"R.A.C." meaning rectified a-c, as in Figure 15. 

WWWW — c 



[\fYymrmmvm _, 


D.C. 

PARTLY 

"FILTERED 


B.C. 

FILTERED 


Figure 15 


PART 6 


THE FILTER 

The filter consists of two i^uctors, or reactors, which^commonl^ d-e 
called chokes, and three capacitors which ar d tend to ^ 

working voltage. The reactors, due to their nign i through them. 

pn-FR anv variation in the strength marked "R.A.C." in 

The current variations we refer however, to the flow of a steady 

Figure 15. No impedance^ is ’ reactors; the only opposition in 

current, or pure direct^current J resistance of the windings. The 

this case is that which^is^set^up^by^th^^^i^ resistance> The conde nsers 

latter resistance is called the dl charged and peri o d ically discharge, 

act like reservoirs because ^ey become^charged^and^peri ^ ^ eff@ct of 

and in this way they supply | After passing through the first 

filling in the 1 5 a PS °f the Pulsati . out / or filtered,and finally 

reactor,or choke,the current ^ . nractically the equivalent of a 

after emerging from the second choke th P h racter y 0 f the d-c output of 

steady, or non-fluctuatxng d-c. ^ p ^\£e p!ate and grid circuits of 

act upon the rectified current. 

PART 7 


THE VOLTAGE DISTRIBUTION SYSTEM 


After the pulsating d-c 
have available for use a 
with a current capacity 


pon rectifier is completely filtered we 
"ad? direct c^rent of aboSt 300 volts potential 
100 uiUlamperes. This voltage is of proper 
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v „t 11P f or the plate and grid circuits of the 245 power tubes, but for^ 
other tubes in P the receiver this voltage is too high. It is to be under- 
tood that the grid does not receive such a high voltage as just mentioned, 
bu? that it obtllns its bias from the d-c supplied by this high voltage 
by methods previously explained. 

a means must be found for reducing the high voltage to values suitable 
r “po| and 227 tubes. In practice we find two general methods of 
voltage distribution employed. They are commonly known as the p arall el 
method and the series method * 



Figure 16 

Where , high roitag, la being ».- 

method is most generally used, reason ^ from the rectifier 

SKt rVScS? ST-aJeSK STL 



Figure 17 

The series method, shorn ^b^f^amental advantaged S th^method is in the 
that you will construct. th reS istors g which could be considered 
fact that no current is consumed by the resist. 3r | ™ ±n from the tubes 

independent of the current drain of the t g e ^ is 1 “ a ^ m . As the effective- 
is the entire drain put il inversely proportional to the total 
current the drain as low as possible. 
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d 17 it is seen that the plate resistor °| Q 

::::» .. - 

„ .o«».x ° r - •°”“' grI 

next lesson. 


EXAMINATION - LESSON 52 


istics Of screen-grid receivers that differ from 

x - XtfXSZX*™ '“ 6 ** ? _, «t«en-g->• »!>• 

t _ 4 -v-ici r»Via 


X * those a employing other type tu es. ^ of a SC reen-grid tube 

in what three respects do the t J££ r £® tect0 r amplifier tube, 
differ from the usual used _ in screen-grid receivers 


S ‘ differ from the usual heater-type ^ ^ scr een-grid receivers 
5 Why do the r "^ tra “f e rKToSfeSS r S eceiver S sf e 

S * differ from those used sta Mlizing devices us 

f'nndenserjj v -'- L 


»• s£ 7::—— 

th P re no neutralizing condense 
4 - screen-grid receivers? creen - g rid receivers over those 

, is iwrcvei ssisctisiW^fIflS 5si« »<*« *"** 

-»» M * “ 1 " 1 " cense « " ‘ 


6 * 

7. 

8. 

9. 


How is — number of tuneu — - 

employing a similar n circuit to function as a 

. ps a gr id leaK and condenser c.use 
How does a- & rJ - 
detector? 


»-* the -- or P»s»-»»U 

S‘he5*i?’a *pS“SL Stage? ^ thefionie wrtl«l 

«- *- rri ”T z - - —* “ si “ 

S lesson? 
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